Abstract: This study aimed to evaluate the diffusion capacity of calcium hydroxide pastes with different vehicles through dentinal tubules. The study was conducted on 60 extracted single-rooted human teeth whose crowns had been removed. The root canals were instrumented and divided into 4 groups according to the vehicle of the calcium hydroxide paste: Group I -distilled water; Group II -propylene glycol; Group III -0.2% chlorhexidine; Group IV -2% chlorhexidine. After placement of the root canal dressings, the teeth were sealed and placed in flasks containing deionized water. After 1, 2, 7, 15, 30, 45 and 60 days, the pH of the water was measured to determine the diffusion of calcium hydroxide through the dentinal tubules. The data were recorded and statistically compared by the Tukey test. The results showed that all pastes presented a similar diffusion capacity through dentin. Group IV did not present difference compared to group I. Group II presented difference compared to the other groups, as did Group III. In conclusion, groups I and IV presented a better diffusion capacity through dentin than groups II and III; 2% chlorhexidine can be used as a vehicle in calcium hydroxide pastes.
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Introduction
Calcium hydroxide is the material of choice as intracanal medicament in Endodontics.
1 This material was introduced by Hermann in 1920 and has been largely employed in different clinical situations since then, including the use as intracanal therapeutic agent. 1 The effects of calcium hydroxide include: antimicrobial activity, 1-4 capacity to limit root resorption [5] [6] [7] and promotion of repair of periapical and surrounding tissues.
1,2
The antimicrobial activity and capacity to limit root resorption are related to the alkalinizing action of calcium hydroxide, which in turn is a consequence of its ionization into hydroxyl ions.
2,4-9
Tronstad et al. 8 (1981) suggested that calcium hydroxide in the root canals promoted an increase in pH on the external root surface, thus producing alkalinization of resorption areas on the root surface by diffusion of hydroxyl ions through the dentinal tubules. Another important characteristic of the dissociation of calcium hydroxide into hydroxyl ions is the ability of these ions to inactivate bacterial lipopolysaccharide (LSP), a toxin produced by gram-negative bacteria, commonly found in the root canal system. 3 Thus, when applied in the root canal, calcium hydroxide should be able to diffuse through the apical foramen, secondary and accessory canals, as well as through the dentinal tubules, reaching areas of root resorption, areas contaminated by microorganisms and surrounding tissues, thereby exerting its action. 2, 8, 9 Several liquids have been added to calcium hydroxide powder to create pastes. 1 This addition aims to facilitate the use of calcium hydroxide, and improve its antimicrobial capacity, radiopacity and consistence. 1 The vehicle employed in this association should allow gradual and efficient dissociation of hydroxyl ions to allow an efficient action of calcium hydroxide. 1, 2, 10, 11 Distilled water, saline, propylene glycol, anesthetic solutions, as well as other liquids, have been frequently employed as vehicles in calcium hydroxide pastes.
1,2,9-15 However, the level of dissociation of calcium hydroxide into calcium and hydroxil ions depends on the vehicle employed to prepare the paste. 10, 11, 14 Thus, several associations have been investigated to determine the effectiveness of calcium hydroxide pastes. 1, [9] [10] [11] [13] [14] [15] Besides allowing dissociation of the calcium hydroxide, the vehicle may increase the antimicrobial capacity of the paste. According to Heling et al. 16 (1992) chlorhexidine may be used as a vehicle in an attempt to increase the antimicrobial capacity of calcium hydroxide pastes since it is effective against gram-positive and gram-negative, aerobic and facultative anaerobic microorganisms, yeasts and viruses. 17 Thus, considering these aspects, this study evaluated the ability of calcium hydroxide mixed with different vehicles to diffuse through dentin.
Material and Methods
This study was conducted on 60 extracted singlerooted human teeth, with single and straight canals. Initially, the teeth were kept in a 10% formaldehyde solution (Farma-Ticli Indústria Farmacêutica, São Paulo, SP, Brazil). The soft tissues and dental calculus adhered to the root were eliminated with dental scalers (S.S. White Artigos Dentários LTDA., Juiz de Fora, MG, Brazil) and then the teeth were stored in a saline solution (Darrow Laboratórios S.A., Rio de Janeiro, RJ, Brazil).
The crowns were then transversally sectioned with a carborundum disc (Dentorium-International, New York, NY, USA), at the level of the cementoenamel junction.
The length of the root canals was measured by insertion of a K file #10 (Maillefer Instruments, Ballaigues, Switzerland) with a rubber stop. When the file tip reached the apical foramen, the stop was leveled to the cervical edge of the root and the length was recorded.
The working length was established by subtracting one millimeter from the total root canal length. Biomechanical root canal preparation was performed to this limit for apical preparation up to file #40, followed by step-back instrumentation up to file #60.
The root canals were irrigated with saline solution throughout the instrumentation with the aid of a Luer-Lock syringe (Duflex -S.S. White Artigos Dentários LTDA., Rio de Janeiro, RJ, Brazil) and an irrigation canula #30X4 (BD -Becton Dickinson Indústrias Cirúrgicas LTDA., Rio de Janeiro, RJ, Brazil).
After instrumentation, a file #20 was inserted to the total working length for apical cleaning, and the root canal was filled with EDTA solution (Odahcam Dentsply Indústria e Comércio LTDA., Petrópolis, RJ, Brazil) for 3 minutes. After this period, the root canals were rinsed with saline solution and dried with absorbent paper points (Tanariman Industrial LTDA., Manacapuru, AM, Brazil).
Next, the teeth were randomly divided into 4 groups based on the various calcium hydroxide pastes used to fill the canals as follows:
Group I (n = 15): calcium hydroxide paste with distilled water. The paste was prepared by mixing 1 g of calcium hydroxide (Biodinâmica Química e Farmacêutica LTDA., Ibiporã, PR, Brazil) and 1.5 ml of distilled water (Drogaderma, Presidente Prudente, SP, Brazil) -(pH = 12.51); group II (n = 15): calcium hydroxide paste with propylene glycol. The paste was prepared by mixing 1 g of calcium hydroxide and 2 ml of propylene glycol (Drogaderma, Presidente Prudente, SP, Brazil) -(pH = 12.64); group III (n = 15): calcium hydroxide paste with 0.2% chlorhexidine. The paste was prepared by mixing 1 g of calcium hydroxide and 1 ml of a 0.2% chlorhexidine solution (Drogaderma, Presidente Prudente, SP, Brazil) -(pH = 12.31); group IV (n = 15): calcium hydroxide paste with 2% chlorhexidine. The paste was prepared by mixing 1 g of calcium hydroxide and 1.5 ml of a 2% chlorhexidine solution (Drogaderma, Presidente Prudente, SP, Brazil) -(pH = 12.57).
Complete filling of the root canals was checked by the overflow of solution through the apical foramen and reflux through the root canal opening. After complete filling of the root canals, their openings were sealed with temporary cement (Cimpat-Septodont, Louisville, CO, USA). The apical foramen and
root canal openings (over the temporary cement) were sealed with epoxi resin (Araldite  -Maxepoxi Industrial e Comercial Ltda., São Paulo, SP, Brazil). The teeth were then placed in flasks containing 30 ml of deionized water (pH = 6.17) and kept in an oven at 37ºC, with 100% humidity.
After 1, 2, 7, 15, 30, 45 and 60 days, the pH values of the solutions in the flasks were measured with the aid of a pH meter (Hanna Instruments Brasil Copyright, São Paulo, SP, Brazil). The pH meter was calibrated with standardized solutions at pH 4.0 and 7.0. Fifteen measurements were performed for each group/period. For each measurement, the electrode of the pH meter was carefully rinsed with deionized water and dried with absorbent paper to eliminate any residues that might interfere with the measurements.
The data was recorded in tables and the differences between the study groups and study periods were statistically analyzed by the Tukey test, at a significance level of 5%.
Results
Graph 1 presents the variation in pH with time, for the different pastes. The values indicate the means obtained for each period, considering the 15 measurements obtained for each group. As evidenced by these data, Group II presented the lowest pH values.
In Group I, there was constant diffusion of paste through the dentinal tubules, without statistically significant differences in pH values with time for this group. The same was observed for Group IV, without statistically significant differences between the study periods. Group II exhibited statistically significant variations in pH with time (p < 0.05). At 1 and 2 days, the mean pH was low (8.32 and 8.66, respectively). At 7 days, there was a significant increase in pH for this group (p < 0.05). Despite the pH reduction at 15 days (Graph 1), there was no significant difference compared to the study periods of 7, 30, 45 and 60 days. This indicated stagnation in the release of hydroxyl ions after 7 days.
Group III presented an increase in pH with time, since the mean pH recorded for this group was 8.66 at the onset (day 1) and 9.47 at study completion (day 60). This was confirmed by the statistical test, which demonstrated significant differences between the study periods of 1, 2, 7 and 15 days compared to 30, 45 and 60 days.
Statistical comparison revealed that Groups I and IV did not present significant differences. Group II presented difference compared to the other groups, as did Group III (p < 0.05).
Discussion
The diffusion of calcium hydroxide through dentinal tubules has been evaluated in several studies. 2, 5, 8, [10] [11] [12] [13] [14] [15] The diffusion through dentinal tubules, apical foramen, secondary and accessory canals allows the calcium hydroxide to reach regions contaminated by microorganisms, areas of root resorption and surrounding tissues, promoting its antimicrobial and anti-resorptive action. 2, 8, 9 The vehicles employed in calcium hydroxide pastes influence their biological and antimicrobial properties and may also affect the diffusion capacity of calcium hydroxide. 1, 2, [8] [9] [10] [11] [12] [13] [14] [15] Estrela et al. 14 (1995) described that distilled water allows the fastest and most significant dissociation of the calcium hydroxide paste, being the vehicle of choice. Conversely, Simon et al. 11 (1995) recommended propylene glycol as the best vehicle. This may be related to the antimicrobial capacity and good consistence of propylene glycol, producing a viscous paste, which is easy to work and presents high quality. 1, 11 Currently, these two substances are the most employed in calcium hydroxide pastes.
Due to the antimicrobial effectiveness of chlorhexidine, it has been suggested as a vehicle for calcium hydroxide pastes. 16 Some authors evaluated the antimicrobial activity of the association of calcium hydroxide and chlorhexidine, which revealed that this association was effective against microorganisms. [18] [19] [20] [21] The activity of chlorhexidine is related to the bonding of its cationic molecule to the bacterial cell wall (anionic) by an electrostatic reaction. The bacterial wall presents changes and the osmotic balance is lost, leading to its rupture. 17 Chlorhexidine is bacteriostatic at low concentrations and bactericidal at high concentrations. 17 This explains the intention to associate chlorhexidine and calcium hydroxide for utilization as an intracanal medicament. Several concentrations of chlorhexidine have been evaluated in microbiological tests; thus, two different concentrations of chlorhexidine (0.2% and 2%) were used in this study. These associations were compared to pastes with distilled water or propylene glycol.
The calcium hydroxide paste with distilled water (Group I) presented constant diffusion through the dentinal tubules. The pH values were high (above 9.0) since the first day of analysis and throughout the study period. The studies of Estrela et al. 14 (1995) and Zmener et al. 9 (2007) also demonstrated an effective dissociation of calcium hydroxide paste with distilled water in the first hours after preparation. The pH values in these studies were also constant with time, similarly to the present results.
The outcomes of the present study demonstrate differences between the utilization of distilled water and propylene glycol. The pH values were higher with the utilization of distilled water, which indicates a higher diffusion of the paste through the dentinal tubules, as observed by Estrela et al. 14 (1995) and Andrade Ferreira et al. 15 (2004) . A clinical evaluation of calcium hydroxide pastes revealed that distilled water was more effective than propylene glycol. 22 These data agree with the pH values observed in this study.
The comparison of pastes containing chlorhexi-dine revealed that the concentration influenced the diffusion of the calcium hydroxide paste. The 2% chlorhexidine allowed higher diffusion than 0.2% chlorhexidine (p < 0.05) until day 15. Therefore, the association of calcium hydroxide with 2% chlorhexidine performed better than that with 0.2% chlorhexidine.
The results also revealed no difference between the utilization of distilled water and 2% chlorhexidine as vehicles. One interesting factor was the higher viscosity and easier preparation of the paste with chlorhexidine compared to that with distilled water.
Conclusions
According to the present results, groups I and IV presented a better diffusion capacity through the dentin than groups II and III. The 2% chlorhexidine solution was efficient as a vehicle in the calcium hydroxide paste. This paste could be an alternative option as root canal dressing in Endodontics. Nevertheless, the biocompatibility of 2% chlorhexidine should be analyzed before its use is indicated.
